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DOI: 10.1039/c0ce00215aThe electrochemical and electrocatalytic behaviour of silver nanoprisms, nanospheres and nanocubes
of comparable size in an alkaline medium have been investigated to ascertain the shape dependent
behaviour of silver nanoparticles, which are an extensively studied nanomaterial. The nanomaterials
were synthesised using chemical methods and characterised with UV-visible spectroscopy, transmission
electron microscopy and X-ray diffraction. The nanomaterials were immobilised on a substrate glassy
carbon electrode and characterised by cyclic voltammetry for their surface oxide electrochemistry. The
electrocatalytic oxidation of hydrazine and formaldehyde and the reduction of hydrogen peroxide were
studied by performing cyclic voltammetric and chronoamperometric experiments for both the
nanomaterials and a smooth polycrystalline macrosized silver electrode. In all cases the nanomaterials
showed enhanced electrocatalytic activity over the macro-silver electrode. Significantly, the silver
nanoprisms that are rich in hcp lamellar defects showed greater activity than nanospheres and
nanocubes for all reactions studied.Introduction
In optics, sensing and catalysis applications, the ability to control
the shape of nanomaterials is as important as the ability to
control their size. The chemical synthesis of silver nanoparticles
has been thoroughly investigated with a variety of shapes
reported such as spheres, prisms, cubes, wires and rods.1–10 In
particular, it has been identified that Ag is a highly active elec-
trocatalyst in alkaline solutions for the oxidation of small
organic molecules, due to the formation of reactive adsorbed OH
species that influence the kinetics of the reaction.11–17 Therefore,
there is interest in employing Ag nanocatalysts as an alternative
to platinum in alkaline based fuel cells.14,15,18 Also, it has been
demonstrated that nanosized Ag can act as an effective sensing
material for the detection of pesticides19 and toxic substances
such as lead20 as well as important species such as hydrogen
peroxide and hydrazine.16,21,22
The size dependent electrocatalytic behaviour of nano-
materials of silver, platinum and gold has been demonstrated
previously,23–27 however, there has been a more limited focus on
the shape dependence of catalytic activity given the difficulty in
synthesising samples exclusively of one particular shape.28–31 In
general it is accepted that catalytic activity is related to the
surface energy of exposed crystal faces. However, in electro-
catalytic processes there is a complicated interplay between the
surface energy of exposed crystal faces, the presence of highly
active sites, incipient surface oxide formation and the co-
adsorption of anions such as hydroxide, which either compete
with the reactant at the surface or promote the reaction of
interest.17,29,32,33 Indeed, it is widely accepted that any deviations
from the structure of low-index planes, which are regarded asSchool of Applied Sciences, RMIT University, GPO Box 2476V,
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4280 | CrystEngComm, 2010, 12, 4280–4286surface defects play a significant role in electrocatalysis.12,34,35
Therefore, understanding this complex process during electro-
catalytic reactions is extremely important yet equally chal-
lenging.
To date there have been some reports on the electrocatalytic
activity of well defined Ag single crystal surfaces which, however,
are impractical for real applications.17,36–39 The applicability of
silver nanospheres for a wide range of electrochemical based
applications including sensing,19,22,40–46 fuel cells,13,14,18,21,47,48 and
the reduction of organic halides49 has been reported, however, far
fewer studies have systematically compared the shape dependent
homogeneous catalytic2 and electrocatalytic activity of Ag
nanostructures.15 Here, the electrocatalytic activity of Ag nano-
spheres, nanocubes and nanoprisms of comparable size has been
investigated for important reactions such as the oxidation of
small organic molecules like formaldehyde, the oxidation of
hydrazine whose detection is important because it has been
identified as a carcinogen and a hepatotoxin,50,51 and the reduc-
tion of hydrogen peroxide, whose detection is also important due
to its use in the textile, paper and food industries.22
Experimental
Synthesis of silver nanospheres
Silver nanospheres were synthesized via a procedure outlined by
Selvakannan et al.52 whereby tyrosine was used as a reducing as
well as a capping agent in an alkaline environment. This proce-
dure has shown that the amino acid tyrosine is capable of
reducing silver ions under alkaline conditions to yield highly
stable monodispersed spherical silver nanoparticles. Briefly, 10
mL of 103 M aqueous silver sulfate were added to 10 mL of 103
M aqueous solution of tyrosine and was diluted to 100 mL with
Milli-Q water. To this solution, 1 mL of 101 M KOH was added
and allowed to boil. Within 20 min the colourless solution
changed into a light yellow colour which indicated the formation
of silver nanoparticles. The solution was allowed to boil for
a further 15 min for silver nanoparticles to grow.This journal is ª The Royal Society of Chemistry 2010
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View Article OnlineSynthesis of silver nanocubes
Silver nanocubes were synthesized via a procedure outlined by
Xia et al.53 by mediating polyol reduction with a trace amount of
sodium sulfide. Silver nanoparticles were formed by reducing
AgNO3 with ethylene glycol (EG) through the following mech-
anism:
2HOCH2CH2OH/ 2CH3CHO + 2H2O
2Ag+ + 2CH3CHO/ CH3CO–OCCH3 + 2Ag + 2H
+
30 mL of EG were heated under magnetic stirring for 1 h in
a 50 mL beaker. While the EG solution was heated, AgNO3 (48
mg mL1), PVP (20 mg mL1) and 3 mM Na2S were all prepared
in EG 45 min prior to injection. 2.5 mL AgNO3, 7.5 mL PVP and
400 mL of Na2S solutions were all injected into the initial EG
solution. As AgNO3 was added, the colourless solution imme-
diately turned purple black, followed shortly by a transparent
bright yellow color. After 5 min of the reaction, the solution
darkened into an orange-yellow. After 10 min, the solution
changed into an opalescent muddy-brown colour and remained
this colour for the duration of the reaction.Synthesis of silver nanoprisms
Silver nanoprisms were synthesized by a reproducible seed-based
method outlined by Aherne et al.54 The method was modified
through the adjustment of reaction conditions and included the
following steps:
Seed production. In a typical experiment, silver seeds were
produced by combining aqueous trisodium citrate (5 mL, 2.5
mM), aqueous poly(sodium styrenesulfonate) (PSS—0.25 mL,
500 mg L1; Aldrich 1000 kDa) and aqueous NaBH4 (0.3 mL, 10
mM, freshly prepared) followed by addition of aqueous AgNO3
(5 mL, 0.5 mM) at a rate of 2 mL min1 while continuously
stirring.
Nanoprism growth. Nanoprisms were produced by increasing
the concentration 5 times from that of the originally reported
method. 10 mL Milli-Q water, aqueous ascorbic acid (75 mL, 50
mM), and 400 mL seed solution were mixed, followed by the
addition of aqueous AgNO3 (3 mL, 2.5 mM) at a rate of 1 mL
min1. After the synthesis, aqueous trisodium citrate (0.5 mL of
125 mM) was added to stabilize the particles.
The Ag nanosphere-, nanocube- and nanoprism-containing
solutions were concentrated by centrifugation and their
concentrations were determined using atomic absorption spec-
troscopy (AAS). 1 mM final concentrations of Ag nanoparticles
were used in further characterization and electrocatalysis studies.Electrochemical measurements
Aqueous 1 M NaOH (AnalR, BDH) solutions were made using
deionized water (resistivity of 18.2 MU cm) purified by use of
a Milli-Q reagent deioniser (Millipore). Lead nitrate, hydrogenThis journal is ª The Royal Society of Chemistry 2010peroxide, hydrazine hydrate and formaldehyde from BDH were
used as received.
5 mL of the 1 mM relevant Ag nanoparticle solution were then
drop cast onto a glassy carbon (GC) electrode surface and
allowed to dry at room temperature. Voltammetric experiments
were conducted with a CH Instruments (CHI 760C) electro-
chemical analyzer. A modified 3 mm GC (BAS) with Ag nano-
particles was used as the working electrode, which in each case
prior to modification was polished with an aqueous 0.3 mm
alumina slurry on a polishing cloth (Microcloth, Buehler),
sonicated in deionized water for 5 min and dried with a flow of
nitrogen gas. For experiments with a silver macrosized electrode
(BAS) the electrode (0.0314 cm2) was immersed in a dilute nitric
acid solution and rinsed with water prior to polishing. An Ag/
AgCl (3 M NaCl) reference and graphite rod counter electrode (6
mm diameter, Johnson Matthey Ultra ‘F’ purity grade) were
used. The latter was employed to avoid any contamination from
dissolution products that may occur during the chro-
noamperometry experiments.55 The electrolyte solutions were
degassed with nitrogen for 10 min prior to any electrochemical
measurement. Uncompensated resistance (Ru) was obtained by
applying a 5 mV potential step in a region where no Faradaic
reaction occurs using the CHI 760C analyzer. The value of Ru
obtained with this instrumentation is calculated using the algo-
rithm developed by He and Faulkner56 and all electrocatalysis
experiments were conducted with compensation for this resis-
tance which was in the range of 40–105 U for all samples which is
in agreement with reported values for Ru in aqueous based
electrolytes.57,58
Materials characterisation
Samples for transmission electron microscopy (TEM) were drop
cast onto a carbon coated copper grid and performed using
a JEOL 1010 TEM instrument operated at an accelerating
voltage of 100 kV. UV-vis spectroscopy measurements were
performed using a Cary 50 Bio-spectrophotometer. X-Ray
diffraction (XRD) patterns were obtained with a Bruker AX 8:
Discover with General Area Detector Diffraction System
(GADDS). Samples were prepared for GADDS by concen-
trating Ag nanoparticles by centrifugation followed by drop
casting onto a glass slide. For comparison, an XRD pattern was
also obtained from an Ag film thermally evaporated onto a glass
substrate.
Results and discussion
Characterisation of silver nanomaterials
Illustrated in Fig. 1 are TEM images of the silver nanospheres,
nanocubes and nanoprisms used in this study. It can be seen that
well-defined silver spheres, cubes and prisms are formed, with
more than 90% nanoparticles of respective shapes in the corre-
sponding samples. Also notable is the significant rounding of the
nanocubes along their corners, which might in turn influence
their electrocatalytic performance. The size of the nanomaterials
was calculated by inspection of the TEM images and using the
diameter of the nanospheres and the edge lengths for both the
nanocubes and nanoprisms. The size distribution for each
nanomaterial was calculated to be 21.8  5.0 nm, 48.7  9.3 nm,CrystEngComm, 2010, 12, 4280–4286 | 4281
Fig. 1 TEM images of Ag (a) nanospheres, (b) nanocubes, and (c) nanoprisms used in this study.
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View Article Onlineand 30.5  10.0 nm for spheres, cubes and prisms respectively.
Histograms illustrating the size distribution of nanoparticles in
each sample are also given in ESI† (Fig. S1).
The UV-vis analyses of Ag nanoparticles reveal the typical
SPR features arising from nanostructures that are in agreement
with those from the previous studies (Fig. 2a).52–54 Ag nano-
spheres show a sharp SPR feature at 428 nm, indicating mono-
dispersity of the sample without any anisotropic features.52
Similarly, an SPR maximum of Ag nanocubes at 420 nm is
consistent with that of previous studies wherein the SPR
maximum was found to blue-shift with the reduction in edge-
length, and 40 nm sized nanocubes with rounded edges lead to
the SPR maximum at ca. 425 nm.53 Conversely, Ag nanoprisms
show three dominant SPR peaks in the UV-vis spectrum that are
typical of Ag nanoprisms, and arise due to in-plane dipolar
excitation (the most intense reddest band at 700 nm), in-plane
quadrupole excitation (middle band at 400 nm), and out-of-plane
quadrupole excitation (bluest resonance at 335 nm).54,59
The XRD patterns of Ag nanostructures confirm highly
crystalline silver nanoparticles (Fig. 2b). The Ag nanospheres
showed an XRD pattern typical of face centered cubic (fcc) silver
with a predominant (111) Bragg reflection.52 In the case of the Ag
nanocubes, the (200) peak is significantly stronger relative to the
(111) which is expected from a sample rich in Ag nanocubes,
because most of the cubes tend to align flat on the substrate with
their surface bound {100} planes oriented parallel to theFig. 2 (a) UV-vis spectra and (b) XRD patterns of Ag nanospheres,
nanocubes and nanoprisms used in this study. XRD patterns have been
shifted vertically for clarity with Bragg reflections corresponding to fcc
Ag indicated. The dotted lines indicated in (b) highlight reflections cor-
responding to hcp Ag.
4282 | CrystEngComm, 2010, 12, 4280–4286substrate.53 Although TEM analysis of Ag nanocubes (Fig. 1b)
shows significant rounding along their corners, the dominance of
the {200} Bragg reflection in its XRD pattern confirms the flat
faces of nanocubes. This is significantly different from Ag
nanospheres, which show a major peak along the {111} plane.
The Ag nanoprisms showed an XRD pattern typical of flat-lying
Ag nanoprisms predominantly covered by {111} fcc faces.54
Although the intensity of the {111} peak is similar in Ag nano-
spheres and nanoprisms, the Ag nanoprisms show a more
pronounced feature corresponding to the {311} plane, which is
typically observed in flat fcc metal nanostructures, thus con-
firming the flat sheet-like morphology of Ag nanoprisms.54
Additionally, two further peaks were observed corresponding to
reflections that were recently predicted to arise from a hexago-
nally closed pack (hcp) arrangement of Ag atoms (dotted lines in
Fig. 2b). The hexagonal arrangement of Ag atoms is believed to
propagate perpendicular to the flat {111} face of the nanoprism,
resulting in a layered defect structure within the nanoprism.54
For comparison, the XRD pattern recorded for a thermally
evaporated smooth Ag film onto a glass substrate is also shown,
which shows the characteristic Bragg reflections for Ag, and is
well-known to be predominantly oriented in the {111} plane
(ESI†, Fig. S2).Cyclic voltammetry in 1 M NaOH
Illustrated in Fig. 3a is the cyclic voltammetric behaviour of
a silver macrosized electrode in 1 M NaOH solution. The char-
acteristic behaviour of silver in alkaline solution was observed. In
the positive sweep an extensive double layer charging region is
observed over the potential range of1.0 to 0.0 V. On increasing
the potential to 0.60 V a main peak at ca. 0.34 V with a shoulder
at ca. 0.25 V is observed, which is associated with the Ag(0)/Ag(I)
oxide or hydroxide transition.60 The exact nature of the oxide
species is still unclear and may involve both hydroxides and
Ag2O.
19 The reverse sweep shows a single cathodic peak associ-
ated with this transition.
The cyclic voltammetric behaviour of silver nanocubes,
nanospheres and nanoprisms is shown in Fig. 3b. As in the case
of the silver electrode, an extensive double layer charging region
is observed followed by the Ag(0)/Ag(I) oxide transition. It can
be seen that the onset for the oxidation of silver nanospheres
occurs at much less positive potential when compared to the
nanocubes and nanoprisms. Significantly, on the reverse sweep
the extent of hysteresis associated with the reduction peak varies
between samples. The reduction peak shifts to more negativeThis journal is ª The Royal Society of Chemistry 2010
Fig. 3 CVs obtained at (a) polycrystalline Ag electrode and (b) GC
modified with Ag nanospheres (black), nanocubes (red) and nanoprisms
(blue) at a sweep rate of 50 mV s1 in 1 M NaOH.
Fig. 4 CVs obtained at GC modified with Ag nanospheres (black),
nanocubes (red) and nanoprisms (blue) at a sweep rate of 50 mV s1 in 0.1
M HCl containing 10 mM Pb(NO3)2.
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View Article Onlinepotentials in the order nanocubes > nanospheres > nanoprisms,
indicating that oxides produced on the silver nanoprisms are the
most stable and difficult to reduce. This type of behaviour has
been discussed in detail by Burke et al. who have reported that
recalcitrant oxides are readily formed on the active sites of
silver,61 which suggests that the hcp lamellar defects observed by
XRD (Fig. 2b) may be responsible for the sluggish oxide
reduction response.Electrocatalytic activity
As is the case with other noble metal catalysts such as gold and
platinum, most electrocatalytic reactions occur within the double
layer region and not at extensively oxidised surfaces.62,63 To
avoid any irreversible roughening of the silver nanomaterials,
reactions were therefore chosen that occur in this double layer
region. The electrocatalytic behaviour of Ag nanostructures was
studied for the oxidation of hydrazine and formaldehyde and the
reduction of hydrogen peroxide. It should be noted that the data
have been normalised with respect to the surface area of the
nanomaterials and the macrosized silver electrode, and therefore
any magnitude increases in current are due to the specific activity
of the relevant material. Given that the reduction of oxides
formed on the silver nanoparticles varies significantly due to the
difference in the stability of the oxides formed at the differently
shaped nanomaterials (Fig. 3b), integration of the reduction
peak to calculate the surface area was not utilised as is routinely
performed for gold electrodes.64 Therefore, the surface area was
determined by analysing the charge associated with lead under
potential deposition (UPD) stripping65,66 using the theoretical
value of 400 mC cm2 for full coverage of lead on silver.67 Illus-
trated in Fig. 4 are CVs for the UPD of lead on the silverThis journal is ª The Royal Society of Chemistry 2010nanostructures from a solution containing 10 mM lead nitrate in
0.1 M HCl. The results are consistent with those reported
previously for the UPD of lead on silver, in that a single peak is
observed in the potential region of 0.35 to 0.40 V vs. Ag/
AgCl.65 Interestingly, the UPD process on silver nanoprisms
appears to be the most reversible, as the peak-to-peak separation
is 17 mV versus 43 mV for nanocubes and 42 mV for nano-
spheres. The surface area calculated was 0.0154, 0.0192 and
0.0232 cm2 for nanoprisms, nanocubes and nanospheres respec-
tively. It is known that the size of nanomaterials can influence
their electrocatalytic activity and has been detailed in the case of
gold and platinum nanomaterials23–26 where size has generally
been found predominant in the sub 10 nm region. A recent report
by Compton et al. on the size effect of silver nanospheres for the
electrochemical reduction of hydrogen peroxide demonstrated
that size effects in the range of 25 to 120 nm can only become
significant when the nanoparticles are well separated and act
individually in which the diffusion fields of the individual
nanomaterials do not overlap.27 Compton’s group also demon-
strated that for high loadings of silver nanospheres on the elec-
trode surface (as is the case here, see TEM images in Fig. 1 which
is from a 10 000 times diluted sample) no size effect, but rather
a loading effect, was observed when the diffusion fields of the
individual nanoparticles overlapped.27 In our studies, the same
loading of silver nanomaterials was used in all cases so any
loading effect as reported by Compton et al. on the electro-
catalytic behaviour of silver can be ignored. Therefore, the
variations in size of our nanomaterials are unlikely to play
a significant role in the electrocatalytic behaviour of our nano-
materials given the high loadings employed in this study.
Illustrated in Fig. 5a are cyclic voltammograms for the
oxidation of 50 mM hydrazine in 1 M NaOH. Clearly, the
response recorded at the Ag nanoprisms shows significantly
enhanced activity. The onset potentials for hydrazine oxidation
are at 0.63 V, 0.57 V and 0.52 V for nanoprisms, nano-
spheres and nanocubes respectively. Also shown are the data
recorded at a smooth polycrystalline Ag electrode where the
onset potential is0.54 V and which demonstrates a much lower
current density when compared to the nanomaterial samples.CrystEngComm, 2010, 12, 4280–4286 | 4283
Fig. 6 (a) CVs recorded at 20 mV s1 and (b) current time transients
recorded at a potential of 0.37 V obtained at a polycrystalline Ag
electrode (dashed) and a GC electrode modified with Ag nanospheres
(black), nanocubes (red) and nanoprisms (blue) in 1 M NaOH containing
20 mM hydrogen peroxide.
Fig. 5 (a) CVs recorded at 10 mV s1 and (b) current time transients
recorded at a potential of 0.30 V obtained at a polycrystalline Ag
electrode (dashed) and a GC electrode modified with Ag nanospheres
(black), nanocubes (red) and nanoprisms (blue) in 1 M NaOH containing
50 mM hydrazine.
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View Article OnlineThis shift to earlier onset potentials is indicative of an electro-
catalytic effect. Interestingly, the magnitude of the peak current
recorded at the nanospheres is less than that at the silver nano-
cubes, even though the onset potential occurs earlier. To evaluate
the prolonged performance of these materials, constant potential
measurements were carried out at 0.30 V and illustrated in
Fig. 5b. The nanoprisms show substantially enhanced activity
over the other samples over the entire time period of 300 s with
a current density of 1.21 mA cm2 recorded at 300 s followed by
nanospheres (0.41 mA cm2) and nanocubes (0.27 mA cm2). It
should be noted that up to a time of 60 s the nanospheres are
considerably more active than the nanocubes, showing a lower
rate of current decay. Importantly, it is worth consideration that
although Ag nanocubes reported in our study show preferred
orientation along the {200} plane in XRD (Fig. 2b), rounding of
Ag nanocubes edges was observed during TEM analysis
(Fig. 1b). The significantly smaller difference between nanocubes
and nanospheres activity in comparison to that of nanoprisms
and nanospheres might be due to this edge-rounding effect.
Future investigations with a comparison of sharp-edged and
round-edged nanocubes might shed some light on this factor.
The electroreduction of 20 mM hydrogen peroxide was also
carried out and the cyclic voltammograms are illustrated in
Fig. 6a. A similar trend can be clearly observed, as in the case of
hydrazine oxidation, whereby the reduction of hydrogen
peroxide is significantly enhanced at the Ag nanoprisms. Again
shifts to earlier onset potentials are observed at0.17 V,0.19 V
and 0.23 V for Ag nanoprisms, nanospheres and nanocubes
respectively. The onset potential recorded at the Ag macrosized
electrode is 0.20 V with again a much lower current density
observed when compared to the nanomaterials. As in the case of4284 | CrystEngComm, 2010, 12, 4280–4286hydrazine oxidation, the peak current magnitude recorded at the
nanocubes is greater than that of the nanospheres, even though
the reduction process appears to be more sluggish at the former
given the broad reduction peak observed. Illustrated in Fig. 6b
are constant potential experiments carried out at 0.37 V. The
magnitude of the current recorded at the nanoprisms is
substantially greater than that at the nanospheres and nanocubes
over the 300 s time period. The current density recorded at the
nanoprisms was 4.1 mA cm2 after 300 s, compared to 3.2 and 2.8
mA cm2 at the nanocubes and nanospheres respectively. These
data suggest that nanocubes and nanospheres show comparable
activity for hydrogen peroxide reduction.
The oxidation of 0.10 M formaldehyde was chosen as a third
reaction and the cyclic voltammetric data are illustrated in
Fig. 7a (positive scan only is shown for clarity). As with the other
two reactions studied, the nanoprisms show the greatest activity
for formaldehyde oxidation. In this case the onset potential for
the nanoprisms is 0.74 V, whereas the onset potential recorded
at the nanospheres, nanocubes and macro-electrode coincides at
0.70 V. The peak current density magnitude recorded at the
macrosized silver electrode is again substantially lower than that
recorded at the nanostructured materials. Illustrated in Fig. 7b
are constant potential experiments carried out at 0.20 V. The
magnitude of the current density recorded for the nanoprisms is
far greater than the nanocubes and nanospheres, as expected
from the voltammetric data, and gives a value of 4.5 mA cm2 at
300 s in comparison to 2.5 and 2.3 mA cm2 for nanocubes and
nanospheres respectively. This illustrates the comparable activity
of nanocubes and nanospheres for formaldehyde oxidation.
In all cases it can be observed that the nanomaterials show
enhanced electrocatalytic activity over a polycrystalline macro-
sized electrode. This demonstrates the highly reactive nature ofThis journal is ª The Royal Society of Chemistry 2010
Fig. 7 (a) CVs recorded at 50 mV s1 and (b) current time transients recorded at a potential of 0.20 V obtained at a polycrystalline Ag electrode
(dashed) and a GC electrode modified with Ag nanospheres (black), nanocubes (red) and nanoprisms (blue) in 1 M NaOH containing 0.10 M form-
aldehyde.
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View Article Onlinenanomaterials, which are dominated by a large percentage of high
energy surface atoms with low lattice co-ordination number when
compared to a bulk material that is dominated by low energy, well
embedded surface atoms. It can be seen from the XRD data
(Fig. 2b) that the nanostructures studied here are dominated by
the {111} crystallographic faces in the case of nanoprisms, with
signatures at 36.0 and 42.2 2q associated with the Ag hcp
structure that results in a nanoprism rich in defects.54 The {100}
plane predominates in the case of nanocubes, whereas nano-
spheres show a mixture of {111} and {100} planes with a similar
intensity in the {111} reflection as seen for the nanoprisms.
Because the order of activity is nanoprisms > nanospheres >
nanocubes for hydrazine oxidation, it may therefore be suggested
that a nanomaterial rich in {111} facets, as is the case for nano-
prisms and nanospheres, is more active than a nanomaterial rich
in {100} facets for this reaction. It also suggests that the presence
of defect sites on the {111} planes due to hcp lamellar arrangement
within an fcc Ag structure makes a further contribution towards
the improved electrocatalytic effect given that the nanospheres
and nanoprisms show an equal intensity in their {111} reflection.
Previous work by Narayanan and El-Sayed has suggested that
{111} rich Pt tetrahedral nanoparticles are chemically very active
and liable to dissolution, which results in atomic arrangements
that are likely to be very catalytically active.68 In the case of
hydrogen peroxide reduction (Fig. 6) and formaldehyde oxidation
(Fig. 7), the nanoprisms which are rich in hcp lamellar defectsThis journal is ª The Royal Society of Chemistry 2010again clearly show the greatest activity. However, in these cases
there is only a marginal difference in activity between the nano-
spheres and nanocubes after a period of 300 s (Fig. 6b and 7b)
when compared to the hydrazine oxidation reaction (Fig. 5b),
where nanospheres were more active than nanocubes. The data
also suggest that the nanosphere sample is slightly more prone to
de-activation at longer electrolysis times for these reactions.
These results imply that, for the reactions considered here, the
silver nanoprisms which contain hcp lamellar defects have
enhanced electrocatalytic activity over nanomaterials consisting of
a high percentage of either {111} or {100} facets. Therefore, elec-
trocatalytic activity at these nanomaterials does not necessarily
correlate with the surface energy of the low index basal planes of
face centred cubic metals which are in the order g{110} > g{100} >
g{111}.
69 This correlation between surface energy and activity has
been reported for the oxygen reduction reaction on bulk single
crystal silver surfaces, which are dominated by well-embedded low
energy surface atoms.17 This suggests that comparing the crystal-
lographic effect on electrocatalytic processes at defect rich colloidal
nanomaterials with bulk single crystal surfaces should be carefully
considered. In this case, it can be confirmed that silver nanoprisms
which are rich in both {111} crystal planes as well as hcp lamellar
defect sites are significantly better electrocatalysts than nano-
spheres and nanocubes for the reactions studied here. It also
suggests that in addition to control of nanomaterials morphology,
the deliberate introduction of these types of defects during colloidalCrystEngComm, 2010, 12, 4280–4286 | 4285
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View Article Onlinenanomaterials synthesis may offer significant benefits to their
electrocatalytic performance.Conclusions
In summary, the electrocatalytic activity of nanosized Ag
spheres, prisms and cubes is demonstrated for important elec-
trocatalytic reactions such as hydrazine and formaldehyde
oxidation and hydrogen peroxide reduction. Ag nanoprisms rich
in hcp lamellar defects are found to be significantly more active
than nanospheres and nanocubes for all the reactions investi-
gated. Ag nanospheres show enhanced electrocatalytic activity
for hydrazine oxidation when compared to nanocubes but show
comparable activities for hydrogen peroxide reduction and
formaldehyde oxidation. This work illustrates that hcp defects
created in fcc structures may increase the activity of electro-
catalysts for many applications.Acknowledgements
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